Objectives: This study aims to assess the role of several diagnostic tests and tools, immune markers, and the association between serum pro-brain natriuretic peptide levels and other parameters in patients with collagen tissue disorders with pulmonary involvement. Patients and methods: In this prospective study, 62 patients (17 males, 45 females; mean age 58.1±13.6 years; range 24 to 87 years) with pulmonary involvement of connective tissue disorders were evaluated using several functional parameters (six-minute walking test, serum pro-brain natriuretic peptide, echocardiographic measurement of the pulmonary pressure, respiratory functional parameters, and blood pressure measurement), bronchoalveolar lavage differential cytology and/or flow cytometric analysis. Results: Duration of disease was 7.6 years. Diagnoses included rheumatoid arthritis (38.7%), scleroderma (38.7%), primary Sjögren's syndrome (16.1%), mixed collagen tissue disorder (4.8%), and systemic lupus erythematosus (1.6%). Pulmonary hypertension was present in 38.7% of the patients with the highest incidence of rheumatoid arthritis showing reduced respiratory functions, partial oxygen pressure, and six-minute walk distance, as well as increased serum pro-brain natriuretic peptide and neutrophilic alveolitis. Conclusion: High serum pro-brain natriuretic peptide levels and neutrophilic alveolitis may provide diagnostic clues for a possible diagnosis of pulmonary hypertension and impaired respiratory functions.
parenchyma. Therefore, several strategies such as clinical evaluation, respiratory function tests, exercise tests, imaging studies, bronchoalveolar lavage (BAL), and certain serum markers are commonly utilized for the follow-up assessment of patients with CTD. [3] [4] [5] Pulmonary involvement of CTD may result in the detection of alveolitis characterized by the accumulation of active alveolar macrophages, neutrophils, lymphocytes, and eosinophils in BAL. Predominantly neutrophilic alveolitis detected by BAL has a more progressive course, with a more extensive involvement in computed tomography images. These findings may influence the therapeutic decisions and help in prognostic predictions.
Pulmonary hypertension (PH) is a serious and progressive complication of the pulmonary involvement of CTD. PH may also occur without the presence of significant parenchymal lung disease. PSS represents the collagen tissue disorder with the highest prevalence of PH (i.e. between 9 and 13%), 6 leading to deaths mostly resulting from cardiopulmonary involvement. Therefore, early diagnosis and treatment of PH bear important clinical significance.
Serum pro-brain natriuretic peptide (pro-BNP) is used as a diagnostic and prognostic marker in cardiovascular diseases. In patients with PSS, studies have shown that serum pro-BNP levels may be used as an early indicator of PH. 7 Thus, in this study we aimed to assess the role of several diagnostic tests and tools, immune markers, and the association between serum pro-BNP levels and other parameters in patients with CTD with pulmonary involvement.
PATIENTS AND METHODS
A total of 62 patients (17 males, 45 females; mean age 58.1±13.6 years; range 24 to 87 years) attending to the Department of Chest Diseases with the referral of Department of Rheumatology of Medical Faculty of Ankara University between December 2008 and September 2009 with a diagnosis of PSS, RA, SS, MCTD, or SLE and radiological pulmonary involvement were prospectively evaluated. All patients provided written informed consent according to Helsinki declaration and local ethical committee approval was also gained (29 th Jun 2009, 154-4972) . CTD was diagnosed according to American College of Rheumatology criteria. [8] [9] [10] [11] Dyspnea was graded according to New York Heart Association (NYHA) and World Health organization (WHO) classification schemes. Posteroanterior chest X-ray, electrocardiography, and high resolution computed tomography (HRCT) were performed in all patients. Pulmonary function tests (PFT) including dynamic lung volume, diffusing capacity of lung for carbon monoxide (DLCO) and DLCO divided by alveolar volume were performed. Dynamic lung volumes and flow rates were extrapolated from the forced expiratory slope. Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 14 Arterial blood gases were analyzed while resting and breathing ambient room air. Arterial partial oxygen pressure (PaO 2 ), pH, partial carbon dioxide pressure, and oxygen saturation (SaO 2 ) were measured and recorded. Mild, moderate and severe hypoxemia were assessed according to PaO 2 level as <80, <60 and <40 mmHg, respectively. 15 Functional exercise capacity was determined based on the result of six-minute walk test (6MWT). Until now, no standard threshold levels have been reported for 6MWT distance. In previous studies involving patients with PH, higher mortality was reported for a walking distance below 380 meters, resulting in the common utilization of this value as a threshold.
Thus, we also adopted this threshold value of 380 meters as well as a four-point reduction in SaO 2 for our study procedures.
Presence of PH was ascertained via non-invasive diagnostic modality, i.e. echocardiography. A systolic pulmonary arterial pressure (sPAP) over 35 mmHg was considered diagnostic for PH. 17 Flexible bronchoscopy and BAL were performed in all patients who had no contraindications and consented for the procedure. A neutrophil percentage of >4% was used to make a diagnosis of neutrophilic alveolitis, and a lymphocyte percentage >14% was taken as an indication for the presence of lymphocytic alveolitis. Immunophenotypic analysis of BAL samples were carried out by three color staining using CD45, CD3, CD4, CD8 monoclonal antibodies (BeckmanCoulter, Marseille, France) and flow cytometer (FC500 Cytomics, Beckman Coulter, Miami, USA) equipped with an argon-ion laser. CD4+/CD8+ ratio was considered low if it was <1.6 and high if it was >1.6. Also, serum pro-BNP, hemoglobin, erythrocyte sedimentation rate, C-reactive protein, and autoimmune markers were assayed.
Statistical analysis
Statistical analyses were performed using SPSS for Windows version 14.0 software (SPSS Inc., Chicago, IL, USA) at the Department of Biostatistics, Medical Faculty of Ankara University. The association between tested parameters was examined using Spearman's correlation test. Patients were sub-categorized based on the following parameters: a sPAP <35 mmHg or >35 mmHg, 6MWT distance <380 m or >380 m, presence or absence of honeycombing and ground-glass appearance in thorax HRCT, characteristics of BAL results, and positivity or negativity of immune markers. The pairwise comparisons for the resultant subgroups were performed using "MannWhitney U" and "Student t" tests. SaO 2 changes in 6MWT were assessed using Chisquare test.
RESULTS
Number of patients with RA, PSS, SS, MCTD and SLE were 24 (38.7%), 24 (38.7%), 10 (16.1%), three (4.8%), and one (1.6%), respectively. Table 1 summarizes the general patient characteristics and functional parameters. Duration of disease was 7.5±5.7 years whereas pulmonary involvement duration was 3.5±3.4 years. As of the study entry, 16 patients (25.8%) were current smokers, and dyspnea was the most common symptom reported by 57 patients (91.9%). Majority of the participants' WHO functional class were I (n=22; 35.4%) and II (n=24; 38.7%). According to Medical Research Council (MRC) classification, majority of the study subjects' MRC classes were I (n=25; 40.3%) and II (n=22; 35.4%). As opposed to 16 patients (25.8%) who were current smokers, 46 patients (74.2%) were not smoking. The two groups were not significantly different in terms of the results of PFTs, blood gas analysis, pro-BNP and BAL parameters (p>0.05). However, a significantly lower 6MWT distance was observed in smokers in comparison with nonsmokers (386.2±114.8 vs. 431.2±139.5; p<0.05). Fifty-four patients had normal or increased FEV 1 / FVC. Large airway obstruction (FEV 1 /FVC <70%) was found in six cases, of whom three were cigarette smoking RA patients. The remaining three non-smokers were diagnosed with PSS, MCTD or SS. A total of 19 patients (30.6%) had small airway obstruction (FEF25-75 ≤60%), with only three having a smoking history. Majority of the subjects with small airway obstruction (50%, n=10) had RA.
Mean DLCO was 64.6±24.3% in CTD patients. Nineteen patients (30.6%) were normoxemic, as compared to mild hypoxemia in 30 (48.3%) or moderate hypoxemia in 11 (17.7%) patients. Only two patients (3.2%) had severe hypoxemia.
An echocardiographic examination was performed in 60 patients. Thirty-six patients (60%) had a sPAP below 35 mmHg, while 13 (21.6%) had a sPAP between 36 and 45 mmHg, seven (11.6%) between 46 and 55 mmHg, and four (6.6%) greater than 56 mmHg. Pulmonary arterial hypertension was present in 11/24 (45.8%), 9/24 (37.5%), 3/10 (30%), 0/3 (0%), and 1/1 (100%) of patients with RA, PSS, SS, MCTD, and SLE, respectively. Subjects with PH had significantly higher NYHA score, impaired PFT parameters including FVC, FEV 1 , FEF25-75, and DLCO. 6MWT distance and PO 2 of patients were significantly lower and they desaturated significantly in 6MWT. Their pro-BNP and BAL neutrophil percentages were also higher ( Table 2 ). The patients with a 6MWT distance <380 meters were significantly older and had higher NYHA score, lower oxygen values (PaO 2 and SaO 2 ), higher sPAP, pro-BNP and BAL neutrophil count. Also, a comparison was made between these parameters in patients who had a 6MWT distance of less or more than 380 meters. Patients with lower than 380 meters of 6MWT distance had significantly higher oxygen desaturation amount (1.37±3.4 vs. 4.2±4.4; p<0.01) ( Table 3 ).
All patients underwent a thorax HRCT. In 12 patients with a normal chest X-ray, pulmonary involvement was suspected. Most frequent HRCT findings were ground-glass appearance (n=45, 74.2%) and interseptal thickening (n=36, 58.1% Mean pro-BNP was 101.6±142.8 pg/mL in our study (normal range below 125 pg/mL). However, it was significantly higher in patients with PH than patients without PH (91.4±190.8 vs. 41.8±35.7; p<0.001) ( Table 2 ). Unlike neutrophilic alveolitis, patients with lymphocytic alveolitis had lower sPAP values and showed less desaturation in 6MWT.
While BAL showed no signs of alveolitis in eight patients; 20, 19 and three patients had neutrophilic, lymphocytic and mixed type alveolitis, respectively. The differences in BAL findings between different subgroups of CTD were evaluated. Patients with RA or SS had mostly lymphocytic alveoilitis (42.1% and 62.5%, respectively) as compared to more frequent occurrence of neutrophilic alveolitis in PSS patients (47.6%). CD4+/CD8+ ratio was also compared. Most patients with RA, PSS or SS had decreased CD4+/CD8+ ratio (57.9%, 66.6% and 75%, respectively). However, proportion of patients with an increased CD4+/CD8+ ratio (Table 4) .
Consistent with these findings, BAL neutrophilia negatively correlated with these parameters (FVC, FEV 2 , DLCO, PaO 2 and SaO 2 ) whereas it positively correlated with sPAP, pro-BNP and desaturation in 6MWT (Table 5 ).
DISCUSSION
Pulmonary involvement represents an important complication in CTDs, with varying degrees of involvement reported for different disease categories. 18 Consistent with the literature data, patients with rheumatoid arthritis and progressive systemic sclerosis comprised the majority of our study subjects.
Pulmonary involvement developed in CTD patients within approximately four years after diagnosis. Compatible with previous reports, the most common symptom observed in our study was dyspnea which, in a patient with CTD, requires clinical, radiological, and functional assessments for determining the presence of possible pulmonary involvement. 
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Approximately one-fourth of our study population was smokers. Kim et al. 5 showed that cigarette smoking was a risk factor for RA associated interstitial lung disease. In line with previous reports, approximately half of our patients with RA -a higher proportion of patients compared to other patient groups-had smoking history. This clearly demonstrates the importance of cigarette cessation for the prevention of pulmonary complications particularly in patients with RA.
Small airway disease mostly occurs in RA patients with pulmonary involvement as compared to other CTDs. 5 While some authors propose that pulmonary involvement affects the small airways initially, others hold the view that this finding is mostly associated with cigarette smoking independent of the underlying condition. 19 Approximately one third of our patients had small airway disease manifesting itself with reduced FEF25-75%. In line with the literature reports, RA patients comprised the majority (nearly half) of such cases. This observation suggests that RA may be responsible for the development of small airway disease along with smoking habit.
A reduced DLCO represents the earliest sign of the deterioration in pulmonary functions in patients with the pulmonary involvement of CTD. 18 Accordingly, while most of other PFT parameters were normal, DLCO% was low among our study participants. Compatible with decreased PFTs, DLCO and 6MWT distance, two thirds of our study subjects had various levels of hypoxemia.
Pulmonary hypertension is a major cause of morbidity and mortality in pulmonary involvement of CTD. The highest incidence of PH (i.e. between 6 and 60%) occurs in patients with PSS, 20 while the reported figure for RA is approximately 21%. 21 However, in contrast with previously reported data, the incidence of PH among patients with RA was higher than any other groups in our study. This finding may be related to the small sample size, or to a lower PaO 2 level in RA patients in our study population. Thus, it may be reasonable to suggest that CTD patients including those with PSS also require a careful assessment with regard to the development of PH. 22 Our patients with PH had lower FVC%, FEV 1 %, DLCO%, 6MWT, PaO 2 , and SaO 2 as compared to those without PH. Therefore, in patients with the pulmonary involvement of CTD, reduced PFT parameters, DLCO, PaO 2 , SaO 2 and 6MWT distance should prompt an assessment of PH.
Harrison et al. 23 found pathological findings on HRCT of 44% of PSS patients despite normal chest X-ray findings. In our study, almost 20% of patients with normal chest X-ray findings had pathological signs of pulmonary involvement on thorax HRCT. Therefore, chest X-rays may be inadequate to show pulmonary involvement in CTD patients and a HRCT imaging is recommended. Patients with honeycombing on thorax HRCT had significantly lower FVC%, DLCO%, PaO 2 , and SaO 2 as compared to those without. These findings are consistent with the literature data suggesting that in contrast to ground-glass appearance on HRCT representing an early finding of pulmonary involvement of CTD, honeycombing is a late finding. 24 In a study by Diot et al. 25 comparing the respiratory function tests and HRCT findings in a group of patients with PSS, the reduced DLCO emerged as a sensitive indicator for the severity of pulmonary involvement, and a strong negative correlation between HRCT scores and DLCO was found. Our findings confirm that FVC%, FEV 1 %, DLCO%, PaO 2 , and SaO 2 decrease more significantly in the presence of honeycombing on HRCT, as expected. There was also a significant association between sPAP and WHO and NYHA functional classes, and MRC and Borg dyspnea indices. This observation suggests that patients with higher dyspnea scores may require further assessments for the detection of pulmonary involvement.
A strong negative correlation between 6MWT distance and sPAP, Borg, MRC and WHO and NYHA functional classes was found among our study participants. On the other hand, the walking distance was positively correlated with FVC%, FEV 1 %, DLCO%, PaO 2 and SaO 2 . These observations suggest that 6MWT is a good indicator for the severity of pulmonary involvement in CTD.
In primary PH, serum pro-BNP levels are elevated and correlate well with the functional class status. In patients with PSS, pro-BNP emerged as a biological marker for early PH in the absence of heart failure. 26 Choi et al. 27 observed a positive correlation between serum pro-BNP and age, blood pressure and sPAP and a negative correlation between pro-BNP and DLCO. As compared to interstitial lung disease, pro-BNP appeared to have a better predictive value for the presence of pulmonary vascular involvement in patients with PSS. To our best knowledge, no studies examining serum pro-BNP level in CTD other than PSS have been released in the literature. Therefore, our study is the first to analyze this relationship and to correlate it with other laboratory findings. Pro-BNP level was significantly elevated in subjects with PH when compared with the ones without. In all patients, serum pro-BNP correlated significantly negatively with DLCO%, and significantly positively with sPAP. Also, as an additional piece of observation to the already existing data, pro-BNP levels correlated negatively with FVC%, 6MWT, PO 2 , and SO 2 and positively with desaturation amount in 6MWT and BAL neutrophil percentage in our patient group. In the light of these data, it may be plausible to conclude that in all CTD patients with elevated serum pro-BNP, a worsening of functional parameters and a more severe PH are highly likely. We therefore hold the view that serum pro-BNP may provide important clues as to the severity of pulmonary involvement.
In a study by Strange et al., 28 BAL neutrophil was found to be associated with worsening lung functions and pulmonary fibrosis. Witt et al. 29 observed a more progressive course of the disease in predominantly granulocytic BAL microscopy, while those with normal or lymphocytic BAL results had stable lung functions for prolonged periods of time. BAL fluid examinations in patients with RA and SS previously showed a decline in the CD4+/CD8+ ratio. 29, 30 In agreement with literature data, most of our study subjects had decreased BAL CD4+/CD8+ ratio. Garcia et al. 30 observed a negative correlation between the percent of neutrophils in BAL and DLCO. In another study examining patients with SS, BAL neutrophil count correlated with decreased DLCO and BAL neutrophil has been shown to play a significant role in the pathogenesis of pulmonary involvement in SS. 31 FVC%, FEV 1 %, DLCO%, PaO 2 , SaO 2 , 6MWT, and sPAP were significantly lower in our patients with neutrophilic alveolitis as compared to other groups, while the New York Heart Association functional class was higher. A negative correlation between BAL neutrophil percentage and DLCO was also observed in our study, along with a significant negative correlation between FVC%, PaO 2 , SaO 2 , and 6MWT which was not reported previously. A significant positive correlation between pro-BNP, sPAP, FEV 1 /FVC ratio and desaturation amount was also detected. We concluded that BAL neutrophilia was associated with worsening of PFT parameters and increased frequency of PH.
Patients with CTD, even when asymptomatic, should always be assessed with regard to possible pulmonary involvement, which is a major cause of morbidity and mortality. Besides chest X-ray, a HRCT examination, pulmonary functions and blood gases analyses, and 6MWT should be performed in all patients. PH is not only associated with PSS, but may also occur commonly in other CTDs. Serum pro-BNP levels may give diagnostic clues for the development of PH in CTD patients. Examination of BAL fluid is not only important for the differential diagnosis in CTD, but it also has prognostic implications because of the correlations with PFT and the existence of PH. Functional parameters tend to worsen and PH may be more severe particularly in patients with neutrophilic alveolitis.
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